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SECTION II.—GENERAL METEOROLOGY.

NOTES ON THE CLIMATE OF FRANCE AND BELGIUM.
By Preston C. Day, Climatologist and Chief of Division.

[Climatological Division, Weather Bureau, November 12, 1917.]

Introduction.

The present interest of the people of the United
States in matters pertaining to Europe has extended to
questions of climate and the probable effect of the weather
upon the health and comfort of those who have been or

land. In longitude they extend from 4° 42’ west of
Greenwich to 7° 30’ east. Their outlines and some of
the more important topographic features, including river
systems, and locations of various towns are shown on
figure 1.

The geo%mphical location of France and Belgium with
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F1@. 2.~Map comparing the relative areas and geographic latitudes of France-Belglum and the United States of North America.

Numerous inquiries relating to weather conditions usu-
ally experienced in those countries have been received,
and it seems proper to present to the public at this time
a description of their more important climatic features.
As there is generally shown on the part of the inquirer a
desire for comparisons between weather here and there,
sufficient data have been included to permit of such
comparisons being made.

G'eograﬁhical position.—France and Belgium together
occupy that portion of the western coast of Europe ex-
tending from north latitude 42° 20’ to 51° 20’, which
corresponds nearly to the portion of the American coast
ying between Boston and the northern end of Newfound-

United States are shown on figure 2, where their out-
lines are superposed on a chart of the United States and

ortions of Canada. By referring to this chart it will

e seen that in latitude these countries lie largely to the
north of the United States. Marseille, the most south-
erly important city of France, is seen to be farther north
than Boston, while Paris is nearly 500 miles farther
north than Chicago. Brussels, in latitude 50° 517, is
more than 50 miles farther north than Winnipeg, Canada,
or in the same latitude as the southern portion of Hudson
Bay. The difference in longitude is such that local
time at Paris is approximately five hours later than at
New York, that iss when it is noon at New York it is
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F16. 1.—Map of France and Belgium, showing rivers, localities referred fo in accompanying tables, and approximate battle line on September 23, 1917.
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F1g. 3.—Chart of ocean winds in January and February, showing

already 5 p. m. at Paris; six hours Inter than at St.
Louis; seven hours later than at Doenver, and eight hours
later than at San Francisco. Thus during the longer
days of the year as the sun is sotting on our western
coast it is rising on the following day 1n eastern France.

Area and topography.—The area of France is slightly
less than 210,000 square miles, that of Belgium is about
11,000 square miles, and the combined area of the two
countries about equals that of theStates along our Atlantic
seaboard from North Carolina to New England,inclusive.

The northwestern half of France and practically the
whole of Belgium consists principally of low plains and
shallow, open valleys, gradually rising from sea level on
the west coast toward the interior, with few elevations
exceeding 1,000 feet. The eastern and southeastern
portions of France are considerably broken, the land

normal directions, relative velocities, and constancies. (Koeppen.)

northeastern France, with occasional elevations of 2,000
feet or more near the German (Alsatian) frontier. Far-
ther south the Vosges, forming a portion of the bound-
ary between France and Germany, rise to elevations of
5,000 feet or more, while along the borders of Switzer-
land and Italy the Jura and outlying peaks of the Alps
attain elevations somewhat greater. Along the border
between France and Spain some of the hig?ler peaks of
the Pyrenees reach elevations of more than 10,000 feet.

Important rivers, a number of which are navigable for
considerable distances, drain both France and Belgium,
wiich, together with the extensive systems of connect-
ing canals, afford water transportation to large areas of
the inland region.

Climate.

rising in the north portion toward the Ardennes, a series France and Belgium, located as they are, in the region
of hills and low mountains in southeastern Belgium and of the eastward drift of the atmosphere, afford in their
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F10. 4.—Chart of ocean winds in July and August, showing normal directions, relative velocities, and constancles. (Koeppen.)
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F16. 5.—Chart of average annual orean currents. 'Warm currents indicated by dotted arrows; cooler currents by continuons arrows.

climate an excellent example of the modifying influences
exerted upon land areas by the proximity of large bodies
of water to their western borders. Water surfaces warm
slowly under the direct rays of the sun and also cool
slowly in the absence of direct solar radiation, resulting
in a comparatively uniform temperature condition.
This marine influence is felt in varying degrees over
land surfaces adjacent to large bodies of water, its
gotency and distance reached inland depending on the

irection and strength of the surface drift of the atmos-
phere and the topography of the land. Both the situa-
tion and topographic features of France and Belgium
are favorable for the marine influence to be felt in a
large measure over the greater portion of both countries,
the prevailing winds (see figs. 3 and 4) being from off
the ocean and with no mountain barriers materially to
obstruct their passage to the interior.

The general drift of ocean waters likewise contributes
materially to the modification of climate over the adjacent
land areas. There are a number of extensive ocean cur-
rents which carry large amounts of water for long dis-
tances. When t%ese currents have poleward directions
they carry relatively warm water into colder regions, and
when their flow is equatorward the reverse is true. The

eat Atlantic Drift, originating in the so-called Gulf

tream, transports relatively warm water from the Gulf
of Mexico and adjacent regions into the northeastern
portion of the Atlantic Ocean, and the normal westerly
winds blowing over these waters carry their warmth to
the adjacenﬁa.nd, thus tending to modify further the
climate of western Europe. It 1s of interest to note that
while Brest, on the western coast of France, has about
the same latitude as Devils Lake, N. Dak., the average
January temyemture at Brest under these marine in-
fluences is 44° F'., while at Devils Lake (under continental

influences) it is about 0° F. Greater variations are shown
in the extremes, where for the vicinity of Brest the lowest
observed winter temperature probably does not reach
0° F., while readings of nearly 60 desrees below 0° F. have
been observed in the vicinity of Devils Lake. Onthe other
hand, owing to the less rapid cooling of the ocean waters
as compared with the land, the ocean winds of summer
are cooler than those from the land, and in July the aver-
age temperature of Brest is only 64° F., while at Devils
Lake it is about 68°.

The general surface drift of the atmosphere over the
several oceans in Winter and in Summer is shown by
ficures 3 and 4, and figure 5 shows broadly the movement
of ocean waters. It will be noted from these charts that
in the North Atlantic Ocean between Europe and the
United States the normal direction of movement for both
air and ocean water is northeastward, or toward the
European coast.

Temperature.—The outstanding features of the tem-
perature of the countries of western Europe are the com-
paratively warm winters for such high latitudes, and the
relatively cool summers. Along the coasts of northern
France and of Belgium temperatures are very similar to
those experienced on our own northern Pacific coast, the
average monthly temperatures at Dunkirk, France, and
at Seattle, Wash., being identical for nearly half the
months of the year and differing only slightly for the
other months. Farther south over the Atlantic coast
districts of France the temperatures throughout the year
resemble those of the coasts of southern Oregon and
northern California, and during the winter months the
averages are not materially different from those of the
Carnlina and Georgia coasts, but in the latter districts
temneratures have a greater variation from day to day
and the extremes are decidedly more pronounced. The
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Comparison of average monthly temperatures at selected stations in France and o
Belgium and in the United States.
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Fie. 6.—Synoptic chart of annual temperature marches at selected stations in France, Belgium, and the United States.
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absence of mountain barriers affords the prevailing ocean
winds free passage from the coast districts to the interior
of these countries; the modifying influences of these ocean
winds thus extend far inland, and we find at Paris, for
instance, temperature conditions not materially different
fron‘li those near the coast, nearly 200 miles to the west-
ward.!

*  Over the more eastern districts, where the broken
topography and greater elevations interfere with the
course of the westerly winds, they no longer exert the
strong influence apparent at the lower elevations to the
westward, and here we find temperatures showing much
wider ranges and conforming more to continental con-
ditions, although the extremes are still far less pronounced
than would be expected, considering only the high latitude
of the country. Figure 6 presents annual temperature
curves for both continents and helps this comparison.

Table 1 shows for a considerable number of stations
distributed throughout France and Belgium the average
monthly and average annual temperatures, while figure 6
showsgraphically similarvalues forselected points in those
countriesand in the United States, from which comparisons
between different portions of tue respective countries can
be made. It will be noted by referring to the table and
graphs that the chief characteristic of the temperature
1n France and Belgium is uniformity throughout the vear,
or the absence of extremely cold weather in Winter and
extended hot weather in Summer. Theaverage tempera-
ture for the coldest month, January, in the interior of
northern France is a few degrees abuve freezing, corre-
s}f)onding closely to that experienced at about the latitude
of southern Missouri and central Virginia in our own
country. However, at the latitude named in the United
States the fluctuations in temperature from day to day
are usually much greater (except on the Pacific coast)
during the winter season than in northern France, and
the minima usually go considerably lower,

Winter in northern France is not severe from the stand-
point of low temperatures, but there is a constancy of
moderately cold weather which is not usually experienced
in the United States. Table 2 shows for selected stations
in France and in the United States the average daily
maximum and minimum temperatures, and Table 3
shows for a number of sclected points in France the high-
est and lowest temperatures of record, while Tables 4 and
5 show the average number of days with minimum tem-
perature as low as or lower than 32° F., and the average
number with the temperature continuously below 32° I,
throughout the day. From Tables 4 and 5 it will be
seen that at Arras near the northern end of the battle
line (fig. 1) in January about two-thirds of the days on
the average have minimum temperatures as low as
freezing or lower and, as a rule, about five days of that
month have temperatures continuously below freezing.
On the Mediterranean coast the winters are delightful,
the average January temperature being ahout 45° F. and
freezing weather infrequent. Rather low temperatures
sometimes occur in northern France, but such extremely
cold weather as is occasionally experienced in the in-
terior and northern portions of the United States is un-
known. The coldest weather of record in that region
ranges from about 0°F. tec —10° F. In the United
States ‘““zero weather” has occurred on the central Gulf
coast and —10° F. in the northern portions of the cen-

1 A crude comparison between the severity of the winters at Paris and Washington
D, C,, was published in the MONTHLY WEATHER REVIEW, November, 1914, 42:62(-8.—
C. A, Ir.
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tral Gulf States, while along the north-central border of
the United States, which corresponds closely with the
latitude of France (fig. 2), temperatures from 50 to 60
degrees below 0° F, are of record, and the average of the
lowest winter temperature is about—35°F.

Summer in northern France and Belgium is cool, as
compared with most of the United States, the average
temperatures for July and August, the warmest months,
being 63° to 65° even lower than along our northern
border. Moderately hot weather sometimes occurs, but
extremely high temperatures, such as are occasionally
experienced in much of this country, are unknown in
France and Belgium. It will be noted from Table 3
that in most of northern France and in Belgium tempera-
tures as high as 100° F. have never been reported, while in
the United States 100° to 110° have occurred generally,
except in the higher mountain districts and along por-
tions of the coasts. The daily maximum temperatures
in northern France and Belgium in midsummer_ are
usually less than 80° and the minimum less than 60° F,

Precipitation.—Table 6 shows for a number of well-
distributed stations in France and Belgium, the average
monthly and annual precipitation. At the lower eleva-
tions the annual precipitation ranges between 20 and 30
inches, but at the higher altitudes, especially at the
western extremity of the Pyrenees at the south of France
and in the Vosges in eastern France the annual precipi-
tation reaches 60 to 70 inches. The rainfall is rather
equally distributed throughout the year, but the maxi-
mum amounts nceur in the Fall and early Winter and the
minimum in the spring months, On the Mediterranean
coast rainfall is comparatively heavy during the winter
season, but during the summer it is usually very light.

Figure 7 shows graphically for a number of selected
stations in France and the United States the average

‘monthly precipitation, permitting comparisons between

different portions of the respective countrics. Not con-
sidering the higher mountains, rainfall in the eastern
half of the United States, especially in the South, is much

reater than in France and Belgium. Compared with

aris, the average annual rainfall at Chicago is one and
one-half times as large; at New York, more than twice
as large, and at New Orleans nearly three times as large.

The outstanding feature of rainfall in France and
Belgium, when the relatively small totals as compared
with the eastern half of the United States are consi ered,
is the frequency of its occurrence. For example, while
the average annual rainfall at New Orleans is nearly
three times as much as that of Paris, Table 7 shows
that rain falls with considerably greater frequency at
Paris than at New Orleans. Rainfalls of moderate
amounts, 0.25 to 1.00 inch in 24 hours, occur with about
as great frequency in France and Belgium as in much
of the United States (Table 8), but heavier falls, more
than 1.00 inch in 24 hours, rarely occur (Table 9). It
will be noted that at Arras, in northern France, only
one day had rainfall greater than 1.00 inch during the
entire 5-year period from 1907 to 1911, inclusive, while
at New Orleans for the same period, amounts of this
magnitude were recorded on 63 days.

Snowfell—In Belgium and over the lowlands of
northern France snow is fairly frequent and may be
expected from November to April, inclusive, although
on account of the rather light character of the precip-
itation and the moderate temperatures, it rarely attains
any considerable depth on the ground. At the higher
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elevations of eastern and southeastern France, partic-
ularly in the mountains bordering on Germany and
Switzerland where the winters are long and cold, snow-
fall is more frequent and much heavier and in some places
accumulates to considerable depths. At Brussels snow
usually occurs on about 25 days during the year, in the
vicinity of Paris snow may be expected on about 15
days, while along the English Channel it probably
occurs, as a rule, on less than 10 days.

The average number of days with snowfall for each
of the winter months and the year at a few selected
}i‘oints in Belgium and northern France, is shown in
Ss,ble 12, and there compared with points in the United

tates.

Cloudiness.—The average cloudiness for each month
of the year is given for selected stations in France and
Belgium and in the United States in Table 11, from which
comparisons as to this phase of the weather can be made.
The amount of cloudy weather in France during the
warm season of the year does not differ materially from
that in much of our own country, but in Winter much
more cloudy weather is experienced than in most of the
United States, this being especially true in northern
France and in Belgium. It will be noted from the
records for Nice, Marseille, and Montpellier, that there
is abundant sunshine in the Mediterranean coast dis-
tricts at all seasons of the year.

SUMMARY.

From the standpoint of bodily comfort, the climate of
northern France and Belgium may be briefly summa-
rized as follows: The winter weather is rather rigorous
and unpleasant, due to the persistence of comparatively
low temperatures, much cloudiness and frequent rain
and snow. The winds blow mostly from the west or
southwest and are frequently damp and chilly, the rela-
tive humidity being rather high. The winter nights
are long andy the days correspondingly short. In the
extreme northern portion of France, near the present
battle line, the sun sets during the latter half of Decem-
ber a few minutes before 4 p. m., and rises about 8 2. m,,
making the nights, sunset to sunrise, about 16 hours

long.

V%ith the transition from Winter to Spring, the rapid
warming up familiar to residents in most sections of the
United States, is not so noticeable in France and Bel-
gium, the average temperature for ‘March being only
2 to 4 degrees (F.) higher than for February. April and
May are moderately cool and not unpleasant, the length
of the day increases much more rapidly than in most
sections of the United States, and there is a correspond-
ingly large increase in the amount of sunshine, while
rainfall is comparatively light, although occurring rather
frequently.

e summers are pleasant as compared with much of
the United States, the day temperatures being mostly
moderate and the nights cool. Occasionally hot weather
is experienced, but the heat is not excessive and the
periods are usually of short duration. During the latter
part of June the days in northern France and Belgium
are more than 16 hours long, the sun rising a little earlier
than 4 a. m. and setting after 8 p. m.

Fall also is usually pleasant, especially during Septem-
ber and October, the temperature during these months
being, as a rule, considerably higher than for the corre-
sponding spring months. With the advent of fall the
rainfall usually becomes heavier, resulting more from

reater intensity of falls than from increased frequency.

his usuallv is the season of maximum rainfall.
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TABLE 1.—Average monthly temperatures (°F.) for 39 localities in
France and -} in Belgium.

[For locations see map, figure 1, p. [2].]

! .
. T '™

. B ;t,' l 2121

Station and dates. 3| CRERE

ERN- g =

g% | 8|88

== ZisR )=

°F|oFiop op|eF|®
Dunkirk (1881-1900)......... 39 | 40 4 44140 50
Lille (1351-1900)............. 36133, 421371 49
Arras (1876-1900)............ 3537 ¢ 41 (36 49
Mé,idres (1883-1900). ...._... 35 37! 10120 49
Paris (1871-1900). ... .. .. . 36 | 39 | 4 43|37 50
Ronen (1351-1900)........... A7 139 4 43 (831 50
Dieppe (18¢3-1882)...__..._..[ 37 | 39 13139 49
Fécamp (1853-135D). . . 40 5401 50

Ste. Marie-du-Mont. (

JEC1 1) AL 43 | 45 1 53 1 5 | 8 ¥ 6141 50
Guernsey (1851-1900)........ 3431 3 48] 451 50
Saint Malo (1S71-1000)....... 5 | 5 ! R ¥ Ay | 46 | 42| 51
Roscofl (1891-1000).......... | & 5418816 : 49 | 46§ 52
Brest (1568-1900)............ ; i , b 1 6 h R|451 &
Ernée (1881-183). ... o...... A 4 5 3162 B 43 | 38| 50
Lorient (1562-1900). . . 515 18| 44| 53
Belle fle (1838-1900 |45 5
Nantes (1856-1400) 45 1 41| A2
Angers (1851-1900) 45391 52
ChAteaudun (18u1-11300) : 5 35 12 (381 55
Auxerre (1R86-1%0t) . _....... : 31 LIRS 3§ i | B 1313} 10
Chaumont (13S1-1:00) .. .. % i B 3 6 11|34 49
Langres (1891-100. . .......} ¢ ! 39|32] 48
Besancon (1391-1900). ... ... i g e a3 ekt 8s 41341 50
Moulins (1881-15880). . . Rk : B 42|36 51
Cluny (1881-1590). 43|36 Bl
Annecy (1376-1900 40| 321 49
Lynn (1851-1900) . 3 12135 51
T'uy-de-Dome (18S1-1900)....; 2% | 29 31|12 39
Menton (1877-1836).......... 4b | i 52| 47| 58
Nice (1884-1900)..-. .. . .00 44145 50| 45| 56

larseille (1851-1900).. _..... 8] 45 50 | 44 | 57
Avignon (1872-1884)......... 30| 44 47 1 40| 57
Montpellier (1851- 1900)...... E) R 48| 42 | 56
Perpignan (1851-190) IETRIIRN: 51| 45| 58
Toulouse (1851-1900) 40 420 48 | 42| 56
Agen (1381-190C). . fu | 42 46| 40 | 54
Bagnéres (1891-19)! R 44139 51
Biarritz (1336-1900).. R B I 51 | 47 57
Bordeaux (1851-190(0. .. _.._.: 11 43 47 ) 411 54
Belgiuin: |

Ostend.... (" 36 ; 14 139| 50

Brussells (1S51-19000. . .. 34 36 411 36 | 48

Namur (1533-1 L @40 |37 | a50

Liége (1533-18 i 1} j2R7 | w50
AUTHORITIES: « ‘These averages are for 9 a. m. only,

For I'rench stations: Bigourdan—{'limat de la France. Paris, 1916,

For Belgian stations: Qastentl from Blanchard—ILa | landre. i'aris. 19005.

Brussels from Hann—llanibuch der Klimatologie, 34 ed.,
v. 3. Stuttgart, 1911, p. 192,

Namir and Liége from Quetelet—Météorologie de la Belgique.
Bruxelles, 1967,

TaBLE 2.—Average daily mevimum _ and wminimum temperatures at
selecled stations in France, Belgium, and the Uniled Stales.

. = .
B 5L RN 2%
Stations. -1 N T R 21 2|12|8
-1 ot @ ! =2 [=3 P>
Bl E|EE(E|E(B 2|25
A A s | = @ | &
iSlalBlalds|s|l<]|d|O]& A
Fécamp, France (26 yearsi:! i°F.|°F.|°F.|°F |°F.|°F|°F.|°F.|°F.|°F.|°F.|°F
Maximum................... '43 14640 /55160 16616016963 58(49 45
Minlmum....ooovevneennn... 34137 :38 | 42 (45 | 51 [ 55 | 85 | 52 | 47 | 40 | 36
Séores, France, (near Pariy, 10, !
years):® I
Maximum................... 140144 150 161 166 |78 |77 75|70 58 {40 43
Minimum ... 82(32(35,41 (4552 ;55|55|61 (43|38 34

Maurseille, France (49 ycurs) i
Maximum. .52 (56515960 | 71| 78183 827716859 53
Mipimum.. 361384146 51 |571611{60)|56)50) 43| 38
Brussels, Belgium (1 i s H

xXimum. 41145 148060 | 65| T2 2
Minimum..........cccooan.s ©33 (38 (3742 |48 55i5S 58 | 53 | 46 | 38

Maximum.................... 37 138 | 43 ! 57|68 |77 1828 4 |63])51] 41

Minimum._ . ................ 24 |24 |31;41:52]¢61!67|66|60|49]38] 28
Allante, Ga.:

Maximum 53|62 ,7:7918 87 |8 |81 71161 52

Minimum.......... 371445176067 ;70|69 64|53]|44]| 36
Chicago, 1il.: . !

aximum 37183 (42|51 64|74,8)|78/72/60)|46]| 36

Minimum........o..iannns 18| 28:39:49 |50 : 65|65 !58]46 |33 23
New Orleans, La.: s

Maximum.. ................. P62 /647117658388 |80|8 |8 |78|69| 63

Minimum..........coaiaoee 1 49 (56 |61 |68 | 74 |76 {75 |72 |63 [ 54| 48
Denver, (olo.: i

Maximum. 44 (5260|6980 (8 |85 |77(656]|52| 45

Minimum.. .. 2127 1351441525857 |48(37(26¢ 20
San Francisco, :

Maximum. veveeen. 515816016263 65|65 |65) 68|67 |62 56

Minimum. .oeeeeeneneeennnn. | 45147 |48 149 {50 1 52 |52 |53 | 54 | 5¢ | 51| 46

i Froni ;An.nales du i?ﬁréaﬁ "Céx_xt;al' Méi:éf;;;)loglqlxe de France, 1885.

8 From Annales du Bureau Central Météorologique de France.

s From Académie Royal dr Belgique, Observations des Phénoménes Périodiques, 1869~
1870.
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uU} Comparison of the average monthly predipita.tion at éelectetf -s;.a.tibns i_n—Ffance a.nti wn
- N ] i L
T Belgium and in the United States. -
Q Q
Z JFMAMJJASOND|JFMAMJJASOND|IJFMAMJJASOND|JFMAMJJASOND|JFMAMJJASOND E
7 - 7
6 6
5 5
A 14
3 3
N
2 2
1 1
LOUVAIN, BLGM. LILLE, FR. PARIS, FR. ST. MALO, FR. BREST, FR.
7 7
6 6
5 5
4 4
3 — 3
2 \ 7 N2
1 1
A N\
BORDEAUX, FR. MOULINS, FR. JOINVILLE. FR. LYON, FR. MARSEILLE, FR.
7 7
6 6
5 5
44 N 4
] @
3 ’§/ 3
N
2 Ai\v 2
N
! Z 1
NEW YORK, N.Y. WASHINGTON, D.C. ATLANTA, GA. CHICAGO, ILL. ST. LOUIS. MO.
7 — 7
6 6
5 H 5
V—
4 N4
%
3 3
2 2
N
! N ] N
TN \ NZN
NEW ORLEANS, LA. DENVER, COLO. SALT LAKE CITY,UTAH SEATTLE, WASH. SAN FRANCISCO, CAL. g

F10. 7.—Synoptic chart of annnal precipitation marches at selected stations in France, Belgium, and the United States,
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TaBrLe 3.—Highest and lowest temperatures ever recorded at selected
stations in France.
. ! o 3 . -
. i 2| . ]
BE slalg{g1 4914
a3 d]l=]. . .| 2 2 g1 82
Stations, g % ; § E. B g B gn g ‘E ‘5' g g
S|e 2|28 |2« |£|Sl=zld ]2
Dunkirk (1881-1900); | °F.| °F. °F |°F.[°F.[°F. ! *F. | °F [°F|°F.|°F.! *F | °F,
Highest.......... 56| 65 71 )75 (87| 88! S| or|o |7 |7| 59| 97
Lowest--...au... — 1| 10-21 (32 35| 42| 45| 42 [43[30; 15 8| -1
Lille (1351-1900):
ighest.......... 61| 63 72i81flon! 961 957 95|01 Sy iesl €3] 96
Towest..... ool 0F 3 18[27 32| 37) 39| 4587 @ |1Gi-2| -2
Arras (1881-1500): . |
Highest.......... 56| s4i7a)7olol 95 00! od oal8jex! wn| o
OWe3t .- .- .cnn. 3]—4 1w|26|28 35| 41 36|30 [2:w| 6[—2]~¢
Paris (1851-1500): ; i !
Highest.......... 63! 67 Talwalme! o5 w0l o7 forls2iqol e2f 101
Lowest . .... ...l 7T) 7 16|26 (32 38 8! 43352 7|-1| -1
GQuernsey (1851-1900): : ! ! : i
HigheSt.......... 571 ances i 81 | 85| 7 (s |m o6 | so| 87
LOWeSt.a.e ... 17] 22 2730136 41 4R 4740|332 ) 17
Nuntes (1881-1900): ! - i |
ighest-......... 641 61171 |83 8| 84 |102) 0998 8371 62| 102
Lowest.......... 12 5.2 027 301 3! 42 3932|2218 | 1o 3
Chaumont (1875-1500); : ! : | ! ! !
Highest.......... i 66179 | 83702 9104 Pigfos|s) 76| 6o 1M
1|220|2sla+ 40 3819[18! ¢ |- 4118
H ' i ' ! . i
TIT79| 88 931 a5, 101 9795 82T 84 1
0] 4123 36 42] G520 -3 13
77082086 |91 || 102 106! 102 | 9% | %5 '. ORI (R U]
12 14 26:32139 43 4335|2116 sl 3
i : . : .
67| 73|78 |8+:91; 941103107 |98 |88 ;75| 67 & 107
Lowest.oo.oouann 3) 0171626035 41} 47| 4738 37,16 6 3
Brussels, Belgium, i oo | ;
( 1851-1900): | i | . ;
Highest.......... 156} 65 | 70{78 |91} 91| 05| o5/ss |7 65| 60, 95
Lowest.......... —4| 2|14 3} W] M| &7 WU 2

AUTHORITY: Annales du Bureau Central Météorologique de

France, 19(4.

TABLE 4.—Average number of days with a minimwm temperature of 32°F.
or lower at selected stations in France and the United Stales.

i
ElEL B
i 218 |53 | S| =
Stations. § g g g8 | =
1% =] & i 3 F=%
olaza E oA |-
FRANCE, das.|das.|das. |das.|das.|dus. das.
Dunkirk (1881-1900) o 3 8 1090 § 5 o
Arras (1881-1900) . 3 8 15‘ 18] 16 12| 4
Paris (1874-1900). .. of 5 11l 11! 10) 6 O
Fécamp (1871-1900)....] O 4| & 100 7 4 1
S8t. Marle - du - Mont
(1870-1900) . . . . 1] 4 11 111 8 7 2
Roscoff (1891-1900) . o o 4 4 3 1 o
Nantes (1881-1200) 2 5 11| 12) 12{ 8 2
1 4 1y 12y 9 5 1
20 o 200 20 17 12| &
3 9 20 22 18 13 Sf
1f 6 17| 20{ 15 10 2|
0 0 3 5 4 2 D|
Marsellle (1867-1900). . of 2 8 9 3 3 o
Montpelher (1881-1900).} 0| 2 12 14| 19} 5 0
Perpignan (1881-1920).. of 11 5 8 4 2 o
Toulouse (1881-1900)...| 0f 3 11| 12| 8 5 o0
‘Bordeaux (1881-1900).. . 1' 4 9 11 8§ & 0

Stations.

I Annual.

HI
das.|!

3
76l
-13i

. Boston, Mass..

Washinzton, D,
Cincinnati, Ohio
Chicago, Ill.....

Kansas City, Mo

Bismarck, N. Dal

i Helena, Mont.
Seattle, Wash.
San ¥rancisco

UNITED STATES.

Minneapolis, Minn.

Denver, (olo...... .
Salt LakeCity, Utah

AUTHORITIES:

Annales du Bureau Central Météorologique de France, 194,
U. S. Weather Bureau.—Climatolugical data for the States, 1895-1914.

TABLE 5.—Average number of days with temperature continuously below
Jreezing at selecled statwons itn France and the United States.

Stations. 3 : = Stations. g
214158 El
ARln ||« <
FRANCE. das. | des. | das. | das. UNITED STATES. das.
Dunkirk (1881-1900).....c00unu-. 2 i 2 8 || Boston, Mass........... 2
Arras (1881-1900) ... 4 5 2] 11 .| 15
Paris (1874-1900). .. 4 4 3] 11 aee 80
Roscofl (1891-1900). .. 0| 0f 1} 1jCh TN Y 4
Nantes (1881-1900). .. 2 2 1 5 || Minneapolis, Minn...... 77
Angers (1872-1909). . . 3 3 1 7 || Bismarck, N. Dak...... 89
Langres (1889-1900)... | 11 8| 28 || Denver, Colo............ 23
Besancon (1885-1900) . 6 8 3| 17 | Salt Lake City, Utah....| 22
Nire (1885-1909)...... 1} 0 1} 0 j| Seattle, Wash........... 2
Marseille (1881-1900) ... 0 1 0 1 || San Franciseo, Cal...... 0
Montpellier (1881-1901). 1] 0 Q 0 |} Santq Fe, N. Mex....... K
Perpignan (1881-1900). . 0 1 0 1 || San Antonio, Tex....... 1
Toulouse (1881-1900). .. 1 3 0 3 j| New Orleans, La........ 0
Bordeaux (1881-1800)............ 1 2 0 3 || Atlanta, Ga..c.eenan.... 3
AUTHORITIES;

Annales du Bureau Central Météorologique de France, 1904.
U. 8. Weather Bureau—Climatological data for the States, 1895-1914.
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TABLE 6.—Average monthly and annual precipitation at selected stations
in France and Belguim.

. ] |
L
2B .
Stations. g £ ’ § =
T | & | &
S EE |-
France:a In. In. ’ In.: In.
Dunkirk...ceeaaean... 2. 16 1. 51i1. 59 1, 65
Lille........ 2,13 1. 81:2. 20 1. 65
Albert.. 2. 00 1. ¢
Paris.... 2L 10
Rouen.. 17 162
St. Malo. 722, |
Brest....... . 31;2. 95
Joinville. ... 2. 6412
Besangrm... . 11)2.
Moulins. .. 421
Lyonee.s eeeecaneacnnn 1341,
Clermont Ferrand tnear
Puy-de-Démes....... |1 1
Marseille.......... 311,
Montpelljer. .. 3|2,
Toulouse............ 11,
Perpignan 1.
Bagneres............ 3
BordeauxX............. S, 2
Belgium.:
Ostend b 5(1.
Ghent e, 1.
Louvain 2
Namur ¢ 1.
Liége /.. Lg3iL. ;
Brussels BIR 85|l. U7 1. 85

HERN R EE

e | o | e
CET B
. .{8|l&'! @
L > 0|8 i8 2|8
& =l=s|2'8|28

g El<1z S|z |A
I In\In. In.: In\ En. In.\ In.
1.802.13 2, 44 2. 572,87 3. 19 3. 23 2. 80|
2,942,282, 762,52 2. 52 3, 02 2. &1 2, 48,
2.13,2.24 2,68 2. 20 2, 2 2, 48 2. 34,2, 28
$312.09 197 1. 85 1. 8|2, 13 1. 84|1. 58
(/3. 2% 2, S 2, 48 2, 522, 74 2, 682, 56)
251,52 2. 4112, 28 2, 9113, 78 3. 66(3. 23
L6312, 01 2. 09 2. 13 3.07)3. 53 3. 78[3. 23
213, 31 3. 58 3. 35,3, 03:3. 74 3, 62[3. 19}
90i4. 41 3.66 3. 503, 42|1. 6114, 093, 43
2119,95 2, 44 2,302, 322 4411 8L, 54|
273.353. 42|3. 27.2.953.73 2. 51\’1. 98

1
. 36(2. /0 2, 24_1.97!2. 2312, 2-1.[1.50.1.26!
571020, 5L0. w2, 403, 472.99°2. 20
251046 0. 91!2. 0912, 76(4, 53 3. 072. 01
3.07 1. 69 1, 9312, 212, 60 1. 93'. 65
1.380, 870, 91[1. 77,2, 6011. 38 1. 50
5.052,422.7213 274, 2014, 453. 19
3. 192 01 2. 162, ﬁoia. 7o|3. 862, 91|
H 1

032,242, 91|2, 76/2. 56'3. 11 2.2
2.723.113.192.833.392.95 2. 70
T1573. 68 2, 8312, 36:2, 25 2. 84 1. 89
52,602, 45 2. 8412, 132,32 1,07 2, 28
2.362.792.018. 122,48 2. 72 2.48 2,52
2,282 52 2, 573,03 2. 56 2.80 2. 522. 40

| Annuoal.

)

BRESBENERRER

[

BEIBSRE FRIISLINSET

BENBER BIPREP

KESESY

@ Perind 1861-1590,
b Perind 18611332,
¢ Period 1838-1574, 1878-1890.
d Period 1836-1548.

AVUTHORITIES:

e Perind 18491843, 1877-1890.
f Period 1847-1890.
¢ Periud 1833-1896.

France—Annales du Bureau Central Méténralogique de France, 1895.

Belgium—Laneaster—La e #n Se'gigue.

Druxelles, 1894,

TABLE 7.—Average wunber of duys with preeipitation, trace or more, for
the 5-year perind 1507-1911. al selreted stations in France and in the

United States.
FL Polee gl
SR <l . T - N -
Stations. A - R L E AR RE
BIEIEiEisldlsi8|aig 58
] =R — : .
i2E 2122 |31513)8 82 535
S Sl Rl S R =
dus.idas.|dus. dav. das.| das. das."daa. des.. das. das.|das.' das.
4113 Hl14i14] 127118 17|19 170
lrrizleig|11]12, 161619 188
i19017 15(151 18114 |16 19 ;22|22 215
2117 ; 13|14 11 |11{10'22|20 35| 197
(12{10°10] 8! 3] 3, 8 13;10;13: 101
1615, 16| 13110 14 (111114 (13 ] 166
Blw wwiwilsininie|el i
1111 142 19°15,10) 811114, 158
P 18161137 13:12113:11 | 15[ 19| 178
P15 150130131 11012 11 9| 14| 154
New Urleans, La.. J10[10 sc12 13 |16-2:21017 9l 914 150
Denver, Colo........... 61 8 ST 16.13 17 17712; 9) 7] 9, 138
Sa:t Lake City, Utah... 1-||13=14 12 12,11 9i1t! 9f 9! 814 138
Seattle, Wasl 2220 18|16,15(12: 7 6|11 15121 (2| 183
San Francisco, C 21;15:_1-1|ﬁ.7 4,8 1! 4. 71 7{13] 102

AUTHORITIES:

France—Anmnnales du Bureau Central Météorologique de France, 1907-1911.

United States— Weather Burcau—Uimatologieal

ta for the States, 1907-1911.

TABLE 8.—Average number of days with precivitation from 0.25 to 1.00
inch, for the 5~year period 1907-1911, at selected stations in France and

the United Staies.

; RN

Statlons. | g§i12:4

i 2 "3; ]

= I = |
France: dus, das.das,
Naney.oeaeaeiaaoans 2: 31 2
Paris. ... 111} 1
Arras... 3| 2| 1
Brest..... 3.3 3
Marseille 1)1 2

United Stules: l

New York, N.Y........ 41 4| 3
Washington, D. C. 1 41 3
Atlanta, Ga..... 3. 51 3
Chicago, TIl . .. 3 | 3| 3
St. Louis, Mo..... 21 3| 3
New Orleans, La.. 2.3 1
Denver, Colo...... 0 I 01 0
Salt Lake City, Utal 2 | 3! 3
Seattle, Wash. 6, 51 2
San Francisco. 8 ' 5| 5

AUTHORITIES: Same as for Table 7 above.

O PO DD b kD W e i QO e

bt §lg
; s1Z2|5]2i8|=
b 151281 g;2
i€l |ElE|e]® H
sz 5 21215808
S R |4|H S zla|<
S S |
as.'das.. das. das.!das.| des.| das.| das.
5] 4] 2] 2| 4| 4; 5] 36
3! 2| 2{ 2] 5 3} 3| 28
$! 8! t| 2| 5| 4| 5| 37
1{ 2] 1| 2 6| 5! 6] 36
1| 0| 1] 2| 4| 3} 3] 22
3i 4| 2| 2| 37 3] 3; 3] 38
4 4] 3] 3| 21 8; 3| 3| 3
4| 4| 3] 4] 3| 3| 2| 4| 42
6| 4| 3| 2| 2| 2} 31 3| 38
41 4] 2| 3| 4 2] 4| 2 37
3| 4| 4| 4| 5| 2| 2| 3| 8
3| 1121 3| 110 1} 1} 13
4 1) 0 2] 2| 3{ 2} 2| 28
3( 11 00| 2 3( 61 6| 36
0 0j 0| O] Of 1| 2| 4] 25
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TaBLE 9.—Total number of days with precipitation from 1.01 to 2.00
inches, and with more than 2.00 inches, for the 5-year period 1907-1911,
at selected stations in France and in the United States.

FRANCE. UNITED STATES.
1.01to | Over 1.01 to | Over
Statlons. 2.00 2.00 Stations. 2.00 2.00
inches. | inches. inches. | Inches.
Days. | Days Days. | Days.
] 0 || New York, N. Y. [ 36 9
3 0 || Washington, D. C 39 6
1 0 || Atlanta, Ga.... 42 8
1 1 || Chicago, Ill........ i 30 3
9 4 || 8t Louis, Mo....... . 47 4
New Orleans, La... . 63 29
1 i Denver, Colo............ 9 1
i | Salt Lake City, Utah....’ 3 0
; 1 Seattle. Wash 168 0
I 8an Francisco, Cal. 17 2

AvuTHORITIES: Same as for Tables 7 and 8 above.

TaBLE 10.—Average number of days with snowfall, at stations in France
and United States.

|

Stations. Nov. | Dec. | Jan, | Feb, | Mar. | Apr. || n“:xx;-l.

I

France: ! !
Paris—Parc St. Maur (1873-1903)a..... 1 3 4 3 3 1 | 15
Montdidier (1784-1869)b . 1 3 4 3 3 11 15
Fécamp (1853-1882)¢........... 0| 2 2 2 2 0 | &
Brussels, Belglum (1833-1830)d 1 4! [ 5 5 2 ! 23

United States: i
New York...ccovueanuenn, eeemnrnaan 1S PSS RN PRI FRPIP PR P |20
Washington . . .. ccoerviincanocneeiidaanioeniiennfoan el 11
Y N T S ] P LT PP 7
Chicago, Tll.o - cccnveeacuios 30
Kansas (ity, Mo ! 19
Oklahoma, Okla : 7
ver, (010...ceeeunnnnnen ! | i 33

i 1 1

@ Annuaire Jde la Société Météorologique de France, 1905 (Paris),
b Annales du Bureau Central Météorologique e France, 1895,

« Annales du Buregu Central Météorologique de France, 1885,

d Quetelet: ( limat de Ia Beleique, Bruxelles, 1857,

For the United States, se¢ Table 8 above,

TasLe 11.—Average cloudiness, in percentages of tolal sky, at selected
station in nee and Belgium and in the United States.

The values given in this table for France and Belgium are averages
for the various hours of observation and probably approximate the

daily averages, the records in most cases covering periods of at least
10 years. Those for the United States represent the normal average
daily cloudiness, sunrise to sunset, for a long period of years.
—_ ! e S R
: o ol
. . £l
vl B , | & el | BBla
Stations. '5%.::,__,o ‘ggéégg
ZlElg|8 |8 |y|2la|8]l5]g]|E
212|8|2|2|2(3|2|8|8|2|& |2
% % % %% %% %|%|%|%]|%
71|63 |50 |57 | A8 {55 63|60 |71|70[72] 65
72165 |50 156|5 |35 49151 |53|62171] 60
61 358(56|5 !52/40)52|58)01;67)67] 58
71| 70|64 (5667|864 60{61{66[75]0¢| 66
615756 (52)53]54|63|56]6169({60]| 59
66|63 |64[58 60|57 |54(58 6175166 63
64158 |55 |51153145148|49|5065|65| 55
53157153 |45]|43|30!39/39|61/63)865| 52
34{32{43[38 {2025 33,33({37(33|3¢( 3¢
47 |41 |46 |46 | 36123 (30 |42 |44 [42] 49| 41
Montpellie 3813640 (3631 |26)|28{35|30|40;41| 36
Toulouse... 63 |57 57|59 |57|55|44 | 45|50 |52 |6l |66| 56
Brussels, Belgium....... 77|78 |71 | 6216367 163(65 58|65|75179] 69
United States: !
New YOrk. .eocevuearens 5854|565 |54(53]51 5150|4848 (5456 53
Washington 54155 |50 50481481 48|45/)45|51[5¢] 50
Atlanta.. 5551|4947 54 471384553 B
Chicago . 56| 57|52)43147|40 (4043 [48]|58|61| 52
8t. Louls 5% | 55|51 | 50|48 |44 39|38 51 | 581 48
New Orlean: 49147 |44 |47|52)50 43|38 (48|53 48
Denver....... 40|48 491352 |41 |44 (44 135036 |37|38] 41
8alt Lake City 5% | 55|51 (47 /34130343038 |47|58( 45
t818. . uemenenrenenns 71|64]60|65|58|42|42]|56(67i75!79| 63
San Francisco 49‘48 41140135 4143 |33 2150 483
AVUTHORITIES:

France—Annales du Bureau Central Météorologique de France, 1884
United States, as above,
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TABLE 12.—Prevailing wind directions and average relative humidities
Jor Sevres, Brussels, and Montpellier.

| i i |
>
bl i ;12 -E .E -
BN HEHEHEE
Z15|515I58ls|2E2|8(8|8)8
1219 218|383 (&(38|2|8 |2
Prevailing winds.

Savres (10 years) ........... SW|SW| W ISW|NE| W | W | W | W |SW|SW|sW|EW
N [sw|swisw|sw|sw|sw|sw

Brussels (8 years) ..........|SW SWiS“"lS'W SW|

Average relative humidity.

1
Sdvres (10 years % | % :‘7 %\ % %

) |8IB8I%BI%BI%IT%EEE B G
12 noon 78169 ;60|51 )|561|51)54]55|58]|68)76]80]..
$p.m. |88 (82 |78|72|74176| 77708 (90|90 ]80|....

Montpelller (14years): |
9a. m........... caeeiaan 82 |76!70 |67}62{58|56|57)|66|71|80]80]}.

. o

AUTHORITIES: Annual reports of the French and Belglan meteorological services.

s57.576 (794)

FOG ALONG THE CALIFORNIA COAST.
By Axprew H. PALMER, Observer.

[Dated: Weather Bureau office, San Francisco, Cal., Oct. 15, 1917.]

When the Marine Exchange of the San Francisco Cham-
her of Commerce was asked what proportion of shipwrecks
occurring along the California coast was due to fog, the
reply was, “All of them.” That exchange keeps a de-
talled record of all marine disasters occurring in the Pa-
cific Ocean. The records previous to 1906 are no longer
available, as they were destroyed in the fire which fol-
lowed the San Francisco earthquake of April 18, 1906.
But the record kept since that date is voluminous, for
many shipwrecks have occurred. A cursory examination
of this record showed that nearly all of those which oc-
curred slong the California coast were indirectly due to
fog. The winds along the coast of California, though
occasionally strong, are seldom of destructive violence.
Hurricanes are practically unknown. Storms of the type
which sweep the Aflantic coast of the United States ever
winter are of rare occurrence. At Point Reyes local winds
often exceed 100 miles per hour in velocity, and the rec-
ords include some of the highest winds ever recorded at
sealevel in the United States. DBut these velocities, while
true, are restricted to the immediate vicinity of the Point,
and never occur along the routes followed by steamers.
Along the California coast, clear-weather gales seldom
cause more inconvenicnce to shipping than delayed sched-
ules. But fog, which is unfortunately of frequent occur-
rence, and often of long duration, is a serious obstacle,
and is without question the greatest menace to navigation.

Though there has been an increasing demand on the

art of mariners for trustworthy fog data, the Weather
Bureau, until recently, has been unable to render ef-
fective service in this matter. Though situated near the
coast, the regular Weather Bureau stations at Eureka,
San Francisco, San Luis Obispo, Los Angeles, and San
Diego were nevertheless too fur removed from the steamer
lanes to secure the desired data. However, during the



